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REMARKS 

Applicant has amended claims 1-3 and 8-8. The claim language is supported by 
the as-filed specification, e.g., page 8, lines 22-24. No new matter has been introduced. 
A revised drawing of the formula (I) in claim 1 is included as suggested at page 2 of the 
Office Action. 

Applicant respectfully requests reconsideration and withdrawal of the 35 U.S.C. 
§§ 102(b) and 103(a) rejection of claim 1 over SU 422262 ("SU s 262"). Applicant also 
respectfully traverses the § 103(a) rejection of claims 1-8 over SU '262 in view of 
JP 2002-053573 ("JP '573"), and the § 103(a) rejection of claims 1-8 over SU '262 in 
view of Kawanami et aL, Research of carbonate synthesis using supercritical carbon 
dioxide and ionic liquid, Abstracts of Presentation, the 35th Fall Meeting of Society of 
Chemical Engineers, Japan, September 18-20, 2002, Vol. 35, p, 391 ("Kawanami"). 

The Office Action asserts that claim 1 does not "exclude 1 ,2 and 3,4 addition 
units." Office Action, p. 4. 

Claim 1 is amended to recite, "[a] cyclic carbonate-containing polymeric 
compound consisting essentially of a polymeric compound represented by formula (I): 




I 

0 

wherein . . . the sum of p, q, and r is 1 ." 
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By this amendment, claim 1 limits the scope of the compound to consist 

essentially of the structure expressly depicted in the formula (I). Any other monomer 

units that are not included in the formula (I) and that would materially affect the basic 

and novel characteristics of the claimed compound are excluded from the claim. See 

M.P.E.P. §2111.03. 

As explained in the remarks previously presented in the Reply to Office Action 
filed August 12, 2009 at pages 5-6, the method as taught in SU '262 would not result in 
the same final compound as recited in claim 1. Applicant respectfully submits that 
natural rubber has no amount of 1, 2 and 3, 4 addition units while synthetic polyisoprene 
contains these units, as evidenced by the teachings of the foiiowing documents: 
S, Amnuaypornsri et al., Green Strength of Natural Rubber: The Origin of the Stress- 
Strain Behavior of Natural Rubber, Journal of Applied Polymer Science, Vol. 111, pp. 
2127-2133 (2009) ("Amnuaypornsri") (copy attached); Komuro et a!., Treatise of 
Technologies for Processing Synthetic Rubbers, Isoprene Rubbers, Vol. 1, page 10 
(1975) ("Komuro") (copy of relevant portions attached along with their English 
translation). 

Amuaypornsri provides analysis of natural polyisoprene and synthetic 
polyisoprene. For example, Amuaypornsri discloses that "NR [(a natural rubber)] 
contains 100 % cis-1,4-isoprene units, whereas Kraton IR-309 [(a synthetic rubber)] has 
been estimated to contain about 92% cis~1 ,4-isoprene units," and that the remaining 
portions of Kraton IR-309 Include 3,4-units, as shown in Figure 4. See page 2128, right 
column, 3rd paragraph; page 2131, right column, 2nd paragraph. 
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Komuro also discloses structures of repeating units, I.e., cis-1 ,4-unit, trans- 1 ,4- 
unit, 1 ,2-unit, and 3,4-unit, which may be produced theoretically by polymerization of 
isoprene monomers in Table 2-1 . 

If a synthetic rubber, which contains 3,4-units, is epoxldized and then Is reacted 
with carbon dioxide, similarly to the method in Example 2 of SU '262, extra units derived 
from 3,4-units will he formed. The chemical structure of the extra units derived from 
3,4-units is different from that of cyclic carbonate unit, the leftmost monomer unit in the 
formula (!) derived from cis-1 ,4- units. Therefore, the extra units derived from 3,4 units, 
which would be produced in Example 2 of SU' 262, are not included in the structure 
represented by the formula (!) and would materially affect the basic and novel 
characteristics of the claimed compound consisting essentially of a cyclocarbonated 
polymeric compound represented by the formula (S) wherein the sum of p, q, and r is 1 . 

For at least the foregoing reasons and the reasons set forth in the previous 
August 12, 2009 Reply, Example 2 of SU '262 would not necessarily result in the 
claimed compound. Claim 1, and Its dependent claims, are neither anticipated by, nor 
obvious over, SU '262. 

Claim 2 has been amended to positively recite "deproteinizing natural rubber," 
which is neither disclosed nor suggested in SU' 262. One of ordinary skill in the art 
would not have had any reason to incorporate any "deproteinizing [of] natural rubber 
into the method of SU ; 262. Also, neither JP '573 nor Kawanami discloses or suggests 
deproteinzing natural rubber. Accordingly, amended claim 2 is allowable over the cited 
references for this additional reason. Also, none of these references discloses or 
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suggest the compound expressly recited In amended claim 1 , from which claim 2 

depends. 

In view of the foregoing amendments and remarks, Applicant respectfully 
requests reconsideration of this application, withdrawal of the rejections, and timely 
allowance of the pending claims. 

Please grant any extensions of time required to enter this response and charge 

any additional required fees to our deposit account 06-0916. 

Respectfully submitted. 
FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 



Dated: February 4, 201 0 By: /Anthony M. Gutowski/ 

Anthony M. Gutowski 
Reg. No. 38,742 
(202) 408-4000 

Attachments: 

(1 ) S. Amnuaypornsri et ai., Green Strength of Natural Rubber: The Origin of the Stress- 
Strain Behavior of Natural Rubber, Journal of'Apolied Polymer Science. Vol. 111, pp. 
2127-2133 (2009); and 

(2) Relevant portions of Komuro et al., Treatise of Technologies for Processing 
Synthetic Rubbers, isoprene Rubbers, Vol. 1 (1975), including an English translation. 



8 



Green Strength of Natural Rubber! The Origin 0 £ the 
Stress-Strain Behavior of Nataal Rubber 

Sureeruc Ama^onuai,* Jitladda Safeiapipanidv" Yasuyukl TartaKa 2 
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ABST^ACTi Ths variation of the green strength of natu» 
ral mbber (NR) with tf» preparation method cf fa fibi 
£» «ufed « a^odgto of the antral* 

tMMViw; characteristics of NR in connection with tho 
structure of biaach points in Mtt. a rubber film, prepired 
via casting irofit Nfe fcfe* shawsd the highest madulus 
anagw»n saength Jn companion with fitou presued via 
cftsang frcm a toluene so lucran-«nd via tha hot passm* of 

" «« dwrtwad afw fa hot-pr^s treatment 



dry 



fo^b«?!l l ' 3 ? a / th ,' r - I, ' ,74d ' J10 d 5 m *»wM observed 
£0. synthetic c&.l,4-po!yi*t>j>«ne rubber with the preporfi- 

in? mefimd, which may Mao» ta mnaaa in cntarafr 

Key wpiAs? £to preparation; grata strenglh; nanam rubier 



jntroduciton' 

The gre&rt strength, 4a elastomer's resistance to de» 
fcnriation and Rehire bafbre vulcantjation, is, like 
piocessability and tackiness, an impor^ftt property 
. of elastomer. Elastomers with an appropriate green 
strength are desirable /or tire production so that 
fbay will not creep and hence distort excessively 
before molding or tear during the expansion that 
occurs during molding or in the second stage for ra- 
dial fires. The most irfeudngful measure fox the 
characteristics .of the green strength is obtained by 
an exarjuratiort of the stress-strain curves at a riven 
rate Of strain. The shape of th<> sbtess-atrain curve is 
an smportant criterion for determining the green 
property. The green strength of elastomers has bee 
cOiitniprdy attributed to lortg-chain brajicrung, 1 ' 
intoractions.betwecn polar Kroups, 3 the oresenf p of 
gel/' 3 chain eni^glements?* 4 and 
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strefcfcing. 8 The differences in these factors are re- 
^onabfo for the differences in the green strenah 
for vanous edastomew. e 

Natural rubber (NR) from brosiliensis is 

Smowrt.to have v cry high green fitxength in compari- 
son with synthfitic robbers, especially synthetic cis- 
Mrpdyiaaprene rvibbgr This difference in the 
green strength has beer, attributed to the crysfcaUlz- 
abiliry derived from the regularity of isoprane units 
in the ds-lA conftguration and' noa-robbar' cfenstihi- 
tots present la NR. The former is prasvmed to be 
the reason that NX. shows s ^ery high green strength 
ver.m JR, wh« the lower groen strength of <&z- 
JUle rubber from Fmkemum etrgefitaim is believed 
to be due to the absence of nonrubbur componenta' 
characteristic of NR. One of the dwactafcrks Of NR 
c^n be seen in the CrysteH&a,tion ai ^ hsnpera- 
tur«S. The rates of crystallitob'on of NR and enzy- 
wiabcally deproteirdzed wtwral rubber PPNR) at 
-25°Q were almost ihe saws, whereas the rate 
decreased significantly, after the removal <jf free fetty 
aads by acetone cxtradiDn, 3 Ihe rate was-putlv 
covered after the removal of the linked fatty adds 
to the acetone-extracted sample by tJar^teaSca- 
ttao, and this could be ascribed to ths Srnprovement 
of the rubber purity. 5 The jrstfe of cr^tallaation of 
acettcae-extracted NR was accelerated by the addition 
of 1% (V//W) methyl Imoleate/Howevw, the crystalli- 
zation Of trartsesteriaed DPNR was suppressed by 
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tha addition of methyl linoleats Jis in the case of 
IR* because of the I<scli of fatty acids linked to rub- 
ber molecules. 7,9 These findings demonstrate that 
both the outahwdirtg green strength and high crys- 
tallizn bility of NR are presumably derived from the 
Untold fatty edds, which promote crystallization on 
stretching and at low temperatures. Similar tenden- 
cies for NR and IE with respect to crystallization 
on stretching have been observed. In the case of 
.the crystallization of cured rubber on stretching, it 
was reported that NR srarted crystallization at a 
stain of 270%, whereas the stain of cured IR was 
330% by dilarOrnetric measurement 10 

NR recovered from skim latax, th-it is, the rubber 
from small rubber particles, shows low green 
strength comparable to that of IK- 11 The rubber from 
smell mbbstr particles ruts been found to be a linear 
polymer with no fatty acid aster group linked or 
associated with tie MS chain. 22 These Endings sug- 
gest that the presence of long-chain branching in. or- 
dinary NR is tho rCASon for the high green strength 
characteristic of NR, Here, it is accessary to take into 
consideration that roost of th«> branch points in ordi- 
nary NR are formed by both, fractional terminal 
groups via hydrogen bonding and the association of 
phospholipid groups at tho chain end, that is, &ft « 
temtinal."' M Proteiw in NR are considered to origi- 
nate branch points by hydrogen, bonding. 15 As proofv 
the get content in ordinary NR decreases with the 
enzymatic deproteinizatton of? latex. However, It is 
clear that proteins have no direct effect on the green 
strength because DFNR shows almost -the same 
green strength as that of NR before deproteirdza- 
tfbn. 1 *' Consequently, It seems reasonable to assume 
that the phospholipid groups in NR, which are pre- 
sumed to be linked at the a termins],"-" play an Im- 
portant role in developing the green strength. 

In an attempt to gain grestar understanding of the 
origin of the green properties characteristic of NR, 
w« conducted a series of experiments on the rela- 
tionship between the structure of NR and tha green 
strength. In previous worts/ 1,17 we carried out the 
measurement of the green strength only for rubber 
film obtained by the solution-easting method, How- 
ever, wo found that the green strength of NR 
depends on the method used to prepare the test 
sheet? that is, casting from latex or a rubber solution 
or hot pressing of dry rubber. In general, the prepa- 
ration of a film by the hot pressing of raw rubber is 
usually applied to prepare test sheets, as can be se«n 
in ASTM D 5746-02. this standard method tor pre- 
paring test sheets indicates that the sample will be 
pressed at WC for 5 min. However, 'this ctmditicffi 
la not suitable for all, rubbers because the viscosity 
and elasticity of rubbers depend on the chemical 
structure and molecular weight Furthermore, no 
information has been given on the relationship 



between the hobpressing conditions and the green 
strength. Therefore,, in this study, an attempt was 
made to ghtw fhe variation of tha giaan strength 
with d-wnge? in the pi-epnrotion method of the toss- 
ing film in connection with d-,e structure of the 
branch points of NR versus that of IR. Here, the rub- 
ber film was prepared in three ways; tasting from 
rubber latex, casting from a, rubber solution in tolu- 
ene, and hot pressing of dry rubber. The effects of 
the temperature and tuns of the net-press treatment 
for the test film were also investigated to analyze 
the effect of the presumed branch points on the 
stress-strain behavior. 



EXPERIMENTAL 
The preparation of XR films for :ha measurement of 
the stress-strain curve was carded Out in three 
ways: (1) casting from rubber latex with a 30% dry 
rnbbw content and drying in an oven at 50*C for 
24 h; (2.) casting from a rubber sohition [— 3% (w/v)J 
in token* including 2% (w/v) athanol and 1 phx 
butyfeted hydjfoxytolu<me C&HI), keeping . it at 
room temperature in She* dfixk to evaporate tha sol- 
vent, Rnd eliminating the residual toluene with a ' 
vacuum oven at 40°C for 12 h; and (3) hot pressing 
of solid NR. Here, the rubber Aim from *he hot- 
press method was made in two ways, First, the 
rubber film obtained by late* casting was pressed 
in a mold, which was sandwiched between two 
sfcete polyester films and pressed at 100-160*C for 
10-40 min, After heating, the mold was cooled fan- 
' mediately to "room temperature under' pressure by 
a cooling system for 15 min. The resulting rubber 
film was subjected to the measurement of the 
stress-strain curvu. Second, tha rubber gum, sand-, 
wiched between two slide polyester films, was 
pressed fa a mold at 1D0-160*C for 10-45 nun. Af- 
ter the pressing, the mold was cooled immediately 
to room temperature under pressure for 15 min by 
a. cooling system. To eUrnjnate the residual molding 
strains, all the test sheet* were stored at room tem- 
perature for 5 days before use. 



Rubber samples 

JKratort. tR409 lates (Kraton , Polymers LLC), pro- 
vided by SRI R&D, Ltd, (Kobe, Japan), and NR la- 
tex, provided by Thai Rubber Latex Co. (Chonburi, 
Thailand^ were used as m.and .NrUaticfis, respec- 
tively. NR in - solution was prepared by the oUssolu- 
tloa of the NR film obtained by latex cashing in a 
toluene solution. NR gum was prepared by the coag- 
ulation of NR-latex with 5% (w/v) formic add fol- 
lowed by washing and drying at 50"C for 24 b. 
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figure I Steas-sltwn curves erf th™ NB films obtained 
by (—) liitsx and {- --) toluene solution cwttog. 



Measurement 

The test pieces for the green strength measurement 
were stamped out with si type C dumbbell die 
according to aSTM D 412-67. The measurement was 
carried out with an tensH* tasiar (Ihstron model 
556S, Iratron Co v PA) at room temperature. The test- 
ing CTOSShead speed of 500 rnm/min was applied 
with, a load cell Of 100 N. The thickness of (he sam- 
ple was 0.5-15 W Th« mewurem&tt was repeated 
three to four times for each «amplft. 

The molecular weight of the NR samples was 
d^wsninad by size exclusion chrorMtography 
{Jasw-Borwiri, Tokyo/ Japan) with two columns In 
Mirfss packed with a polystyrene^ivfoylbenaene co- 
polymer gel having a>cdusion limits of 2.0 x 10 7 and 
4 x 10 s , The, rubber solution wag prepared by the 
dissolution of 'rubber into Wtrfthydrofwan (LabScan; 
high-performance liquid chromatography grade) at b 
conceutratiori of O.0S% (w/v) and filtered through a 
Millipcre prefiltei and 0.45-tim membrane filter (AU- 
fedi). Tetr^ydrofutap, was used as an clucnt at n 
flow rate of 0.5 mL/miri at 35 ± 0.01*C with the re- 
fractive index as a detector. Standard USs (Polymer 
Standard Service GmbH, Germany) were vised for 
the calibration of the molecular weight. 



RESULTS AND IDISCWSXON 
Hguw 3 shows the stress-strain curves of NR Sims 
prepared by bfex-costing and solution-caatmg meth- 
ods- Three to four test pie^e? were measured and 
plotted separately. The latex-casting film, repre- 
sented by solid lines, showsd higher modulus than 
the solu (ion-casting film, represented by dotted 
lines, whereas the green strength and stress at break 
values of the two samples were almost the same (ca. 
6.5 MFaVTros vafcie is in the rente Of green strength 
vahres reported previously. 5 -"- 17 '' 18 The stress of the 
latex-casting fDm increased significantly at about 
300% strain, whereas the stress of fi\* solutionr-csst- 
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ing film increased significantly at about 400% Strain. 
As reported previously, 15 the berime w the stress 
can be attributed fo the crystaJl&muon of rubber 
chains on draining. Thu<?, tra lower piross-^trmYi 
behavior In the solurion-cssting film compared with 
&a.t of the latex-casting film can be attributed to the 
lower crystdlizabiUiy. It is reasanabla to assume that 
the crystallization on stretching is related to the 
number of branch, points per chain and 'chain entan- 
glement. This assumption suggests that the branch 
points and/or chain entanglements of the NR film 
prepared by latex casting nro higher than :hese of 
the NR film prepared by solution Cas&ig. 

IT a previous work 3&twahara et al'* studied the 
relationship between the green strength and gal con- 
tent of rubber from NR latex during preservation in 
an ammonia solution. They found that .ths green 
strength of NR. Increased with the preservation time 
increasing, and this was duft (0 the increase in the 
gel content. However, it was revealed that' the 
deproteinization of the MR latest resulted in the dis- 
appearance of the- gel. fraction -without 'a significant 
change in the ^eon strength. 14 This finding clearly 
indicates Shot the gel contont has no direct relation- 
ship with the gre«n strength. We presumed thai: the 
longfchain branching in NR plsys an toportant rote 
in the high green strength in comparison with syn- 
thase ,IR, Furthermore, we found that the SOlution- 
cttling fatal of DPNR, which had no gel fraction, 
also showed a lower modulus than the DFNR J&tex- 
casting film, acting similarly to the NR film. The 
details of this work will be reported and discussed 
in the future. 

In Figure 2, the stress-strain behavior of the NR 
film prepared by the hot-press method is compared 
with tfwt of the NR films prepared by lato^asring 
and solution-casting methods; it is represented as 
the maim of three- samples for each. Here, fee hot- 
pressed films from latex casting and rubber gum 




Figure 2 Stress-strain curves of NR sheets prepared by 
{a) latest casting, (b) toluene solution casting ic) hot press- 
ing of latex-casting film at lOQ'C for IS rata, and (d) hot 
pttsting of rubber gum at 100»C for 15 ram, 
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Molecular Weights of ih» IfciVWr Samples Obtained frmn Lutoa Casting, Toluene 
Sainton Citing, *a4 Hot framing a t IQO'C for 15 mitt 





Melhod 


molecular 
weight 10*) 


Nwrtkcr-nvwage 

molecular 
wsight £« I0 5 ) 


PoiytJtspwslty 


NR 


" Latex eas&\£ 
Solution castag 


1.49 


1,47 


10,1 


1-42 


3,2? 


11,2 




Hot pressing 


U9 


1.43 


1Q.7 



were prepared by the pressing of rubber in the 
mold, which was sandwiched between two slides at 
ICO'C fur IS aiin under high pressure. In ths casa of 
the Nil pressed, gum, the green strength was very 
low, and the strain at break was also very low ver- 
sus that of the hot-pressed iHm from latex casting, 
!hj_s can he explained by the high elasticity of NR 
gum resulting in difficulty m preparing a homogene- 
ous film, although this method has usually been. 
. ttfsd l * prepare fitos for tensile testing. 3$ is remark- 
able that the hot-press late* fflm showed very low 
green atasi^fh In comparison with she one without 
the hot-press treatment. This indicates that fis 
stress-strain curve changes dramatically after the 
hot-press treatment of an NR latex film. Under 
the asswrtption that the branch points and «uangte- 

merits affect the stress-strain behavior, the hot-press 
treatment of an NR latex film is presumed to bring 
about a structural change In Che rubber chains by 
•iha treatmant a* a high temperature and a high 



green strength of was studied. The results 
dearly showed a decrease In the green strength 
when the molecular weight of NR decreased by 
mastication- 29 In fact, not only the molecular weight- 
but also the branch points were decomposed by 
mastication. Therefore, it is natural to consider the 
effect Of the branch structun?. ft Is known that NR 
from small rubber particles has a higher molecular 
• weight than NR from large rubber paWcls. 32-34 
HOweyer, NR from small rubber particles has shown 
very low green strength compared with that of NR . 
from large rubber particles. 11 ^ This behavior can be 
explained by 'the linear structure characteristics of 
NR from small rubber particles. Iherefore, it tan be 
deducad that fee lon^-chain br^chirig in NR is a 
dominant factor,' affecting the high green strews^, of 
NR. .". 

The effects of the temperature and time of Am hoi- 
£>r&& treatment w«e investigated to check the uiflu- 
enco OR the gteen strartgth and strain St break. The 
NR latex-cast Shxi, which is comparable to NR gum, 
was' used fw this <^crimcnt to eliminate the effect 
of the (nhdmogeneity of the fllia. To neglect the deg- 
radation of rubber at a high temperature during the 
hot-press traatment, an antioxidant, Wtngstey-L, was 
added to the NR. latex before casting in the latex 
form and before coagulation of the NR gum. Tables 
H and m show the green strength and strain at 
break of the NR latex-easting £us and NR gum after 
hot-press treatment, respectively, at vartc.ua condi- 
tions. The green strength and strain at break of the 
MR latex-casting film and NR gum showed no 

TABLE ft 

Green Strength and Strain at Break of the NR latex Casting Film After Hot-Press Treatments at Varioua TesapartkbiKe* 



The molecular weighfe of fttft rubber Samples pre- 
pared, by various casting methods were almost the 
same, as shown in Table L This Indicates that the 
lower sfcws-strain wrva of foe NR film from tolu- 
ene solution easting was not caused by the degrada- 
tion of the rubber. The possibility of degradation 
sifter the hot-press treatment is also neglected 
because the samples from the latex-casting film 
showed almost the same molecular weights before 
and after the hot-press treatment. In. previous 
works,**'- 21 the role of the molecular weight in the 
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With antioxidant 
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1-08 ±0.10 
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TABLE Ett 

Great Staangft «q* Strain at grai* of tha NR Gmn After Hct-Presa Treated 3t Various Tqa pgntwg and Times 



TumiMialun! 


lima 


IVhhimt 


( C Q 


fcnta) 


Green strength (Mp«) 


100 


10 


0-J6 ± o.la 


ISO 


SD 


0.&1 ± 0.06 


100 


33 


0.S7 ± 0,03 


100 


40 


0 34 ± 0.07 


120 


id 


0.4? ± 0.O3 


WO 


10 


0.35 ± 0.03 


uu 


10 


0.31 A- 0.0$ 



ivi:h.i»tu..u,vu 



Strain Bt break (%) Craai stfengtn (MPa) Strairm t break {%) 



5SD± 7S 
636 ±33 
5iS±.S3 

SOS ±35 
652 ± 55 
606 ±42 
■J93 i U7 



± 0,07 
055 ± 0X4 

031 ±0.10 
044 dfc COS ' 
035 ±0.© 
0.25 i 0.03 



616 ± 60 
625 ±64 
m ± 49 
632 ± ?4 
647 ±78 
593 ±65 
4?6 ± H5 



„ s after an increase in the time of 
the bct-press treatment <?t ioo-C. This means that 
the decrease tn the green strength, after hot pressing 
is not related, to the time of hot pressing to the range 
of 20-40 rain, The increase in (he temperature of iite 
hot-press treatment resulted in a decrease in the 
green strength of the NR latex-casting film and ME 
gum. This was dus to the fact that the high tempera- 
ture caused oxidative degradation in NR. The addi- 
tion of an antioxidant did not increase ftvs green 
strength of the hot-pressed fHms prepared from, ttw 
NR latex-easting film and NK gum, bs- shown in 
Tables n and EI, respectively, Similar grasn 
strengths observed for the hdt^pressad "alms with 
and -without an antioxidant indicated that *e oxida- 
tive degradation was not the main cause of the »g- . 
itificant decrease in the green strength of the NR 
- latex film after heat treatment. Furthermore, this 
assumption -was confirmed by the decrease in. the 
green strength without a change in the molecular 
weight of the NR latex-casting film after heat treat- 
ment at a low temperature (i.e., 100"C). We pre- 
sumed that the very low green strength of live hot- 
pressed f2m was derived from the decraasa in the 
oystaltoftbility and A* entanglement because of the 
decrease in the branch points after heat treatment- 



Thts assumption can be confirmed by the mea- 
surement of the stress-strain behavior for lit films 
prepared similarly to NR. As shown in Rgure 3, ijie 
casting film from IR latest before and after the hot- 
press treatment showed very low stress-strain 
buhfi^iftc, which was almost the same as that 
observed for the eolntion-casting film. This clearly 
indicates mat the change in the stress-stain behav- 
ior of NR by the easting m*thoA and heot treatment 
is a phenomenon characteristic of NR. 

Let us consider the difference in the structural pu- 
rity Of rubber chaira ; NR contains 100%c/s-l,4Ms£b- 
prene_ units, whereas^^h?y_..re-^T"T^ g ^ 



estimated to contain .about, 92%, . rig-l,j-i5opreg^ 

jrrdte, As shown In Vi^xeX^m^TSp^ "of 
Kreion IR-3Q9 exhibited small signals resonating at 
1.60, and 4+75 ppm, which were assigned to 

-Oris of trans-I^uniis, -CH». of and 
=CH* of ^ f ^arag,. respectively. The irregtOarity in 
the structure of Kraton IR-3Q9 contributed to the 
lower crystflllizability in comparison with NK. 
Accordingly,, the fact that there was no difference to 
the stress-strain behavior in the latex-casting film, of 
IR versus the solution-casting film and hot-pressed 
film Can be attributed to the absence of crystaUizabil- 
ity and low number of entanglements due to the 
lads of long-chain branching. If we consider 




s «f IR fibns prepared by (a) 
) toluene colufiort ttotw& «id (c) hot 
~ itWO*CforlSmm. 



a 4 3 H-MM& apwtr* of synthetic Kraton IR 303 
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polyxtusdaation with an anionic initiator, Kraton B£- 
309 Cftrt be considered to be composed of almost lin- 
ear rubber molecules, which also contribute to the 
very low green jftrengih, Thh affvirnptton is sup- 
ported by the very lav? green Strength of trartsesierN 
ficd DPM, which is comparable to that of IK 17 
Transesterified DFHR has been confirmed to he 
composed of linaar nwlscules, in which aimost all 
branch points are decomposed by a treatment with 
protease followed by a treatment with SOdrom meth- 
oxide. Both Teatmente result in the decomposition 
of branch points composed of pfoteins, lipids, and 
phospholipids. 

It has been repotted the ^terminal group of a 
rubber dwin in fresh Ntt Iste* consists of mono- 
phosphate; nnd diphosphate groups linked with 
phospholipids. 131 ''* The association or micelle forma- 
tion of phospholipids is presumed to form, long- 
chain branching, as illustrated In Figure 5. Here, the 
branch points are postulated to be derived tern the 
micelle; fonnation of phospholipids attached to the 
ffi^erwinel group of a rubber chain. It is kiown 
that phospholipids form a mkeile in aqu.ec.u3 medla- 
Kubber particles in lafe* hava been reported to be 
covered by a bttayer composed of lipids in the inside 
and proteins on ',fhe outside. 25 The polar terminal 
groups in rubber' molecules are assumed to be on 
the surface of rubber particles in lafesx, as illustrated 
in Figuje 6. The a-terrairtal groups may associate to- 
gether on titie surface of rubber particles to form 
branch points, The branched structure of rubber 
molecules in latex car, be held even after casting and 
drying to form a film. On the other hand, the branch 
points composed of phospholipids can form » ' 
reversed micelle in. a toluene solution, which is 




Egure 5 Freatutted structure of the branch points of rub- 
ber chains in the latex. 
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• Rubber particle . 



figure s' Presumed location of both terminal groups in 
taerubbsr parades- 



expected to be less effective hi the formation of 
branch points because of the concentration of rubber 
hi the toluene solution. It is reasonable to think that 
the rubber film obtained by casting from a toluene 
solution shows lower stress-strati properties 
because of the reduction of long-chain branching. 
The high temperature and high pressure in tha hot- 
pressing process will result .in a conformational 
change in the long-chain fatty acid chains in phos- 
pholipids, leading to less effective formation 
between associated phospholipids at the -branch 
points. This will result in ei decree in the number 
of long-chain branch points. Moreover, in this 
experiment, the rubber after hot pressing was cooled 
immediately 'under pressure. Therefore, the confor- 
mational change in the long-chain fatty add was 
fixed and could not be rearranged to recover the 
original branch pcante. This behavior resulted in, a 
decrease fcn thn green strength of the rubber film, 
from latex casting after hot pressing. 



, CONCLUSIONS 
The latex<ASuxig fihn of NR. showed the highest 
Stress-strain behavior In. comparison with the films 
produced by solution casting* and by hot pisssing, 
whereas synthetic M showed similar stress-strain 
behavior independent of the preparation process of 
the testing films. This clearly indicates that the 
change in the fltrefia-strain, behavior with the casting 
method and heat treatment is s phenomenon charac- 
teristic of NR. It is remarMblc that a mud heat treat- 
ment of the m latex film at 100 e C caused very tow 
green strength without a change in the molecular 
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weight. These findings support the ftesnavptiGn that 
the branch poifttS cojnpossid of inainly phospholi- 
pids decrease with Hxe heat trnntment of a Iatesc-cast- 
ine film ,ir>d with casting from s tdltifrte pnfotipn, 
and tills will result ill n decrease in tiie entanglement 
of rubba- chains and crystalKzablllty on stretching 
and contribute to the lower stress-strain behavior. 
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Table 2-1 Bonding modes of isoprene 



CH 3 

isoprene monomer ca^CMS^CB* 

C-CK 

cis-1,4-unit Cifc-CH^ ghJ- 



trans- 1,4- unit 



1,2-unit 



3,4-unit 



\ 



tie:, ^ 



'CH t - 



--CK CH, CK Ctif 

V B,/ 



4 



Table 2-2 Micro structures of isoprene rubbers 









Synthetic isoprene rubber 


Bonding mode 


Natural rubber 


Ziegler 


Lithium 








catalyst 


cata I yst 


Micro 
structure 

(%) 


cis-1,4-unit 


98< 


97 


92 


trans-1, 4-unit 






2 


1 2-unit 








1 3-unit 


2> 


3 


6 



(Copyright page) 

Treatise of technologies for processing synthetic rubbers 12 Volumes total 

Volume 1, Isoprene Rubbers 

Date of first printing; August 10, 1975 

Authors: Keiji KOMIRO, Akio UEDA, Yoshio WADA, and Tetsuo WAKU 
Published by KABUSHIKI KAISHA TAISEISHA 



